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ABSTRACT: The effect of naturally occurring hematite (a-Fe203) particles on composites based on 
natural rubber (NR) was investigated. The matrix was composed of 100g of NR, whereas a-Fe203 
particles obtained from Kastina State in Nigeria were loaded in varying amounts of 3g, 5g and 7g. The 
compounding of the constituent materials was achieved with the aid of a two-roll mill in line with 
ASTM D15-627. The compounded mixtures were processed into their final shapes using compression 
molding machines. Tensile properties and flexural properties of the resultant composite samples were 
studied based on ASTM D638 and ASTM D7264/ASTM D7264M-07, respectively. On the other hand, 
the electrical conductivity of the samples was investigated in line with ASTM D257-07. The 
mineralogical composition of the filler sample was studied through the use of X-ray Fluorescence 
(XRF). XRF results showed that the filler was predominantly composed of a-Fe203. Tensile properties 
and flexural properties increased due to an increase in filler content. Additionally, the electrical 
conductivity of the composites increased with an increase in filler loading. Scanning electron 
microscope (SEM) images revealed filler-matrix adhesion in the composite samples. From the 
foregoing, a-Fe203 can serve as an alternative reinforcement for NR-based composites. 
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1. INTRODUCTION 


Natural rubber (NR) is a naturally occurring rubber articles are accelerators, fillers, 


polymer composed primarily of poly (cis-1,4- 
isoprene). It is an essential elastomer with 
outstanding mechanical properties (such as 
improved flexibility, resilience, abrasion 
resistance elasticity, etc.) and _ extensively 
employed in various areas of engineering and 
industrial applications [1]. For instance, it has 
useful applications in the manufacture of 
products which are utilized in personal 
protection, road construction and medical 
related fields [2, 3, 4]. However, raw dry natural 
rubber is not often used in its original state for 
any engineering and domestic applications due 
to challenges associated with the material in its 
raw state. Accordingly, processing of rubber 
entails incorporating secondary materials 
referred to as additives. The incorporated 
additives ensure that the rubber compounds are 
well processed and vulcanized so as to enhance 
the end use properties of the final rubber 
articles. Additives often utilized in processing 


vulcanizing agents, retarders, activators, etc. [5]. 
The final properties of NR composites do not 
solely depend on NR polymer. They are also 
dependent on filler particles infused into NR 
polymer. Fillers are among the most essential 
additives integrated into rubber matrices. The 
principal aim why fillers are incorporated is to 
boost some properties of the end product. 
Hence, utilization and proper dispersion of filler 
within rubber compounds enhances markedly, 
the overall properties of end rubber products, 
while reducing their cost [6-9]. The dispersion 
of filler inside rubber matrix is achieved by the 
rubber composition, filler structure, and 
compounding conditions and arrangement [1]. 
There are two types of fillers namely: 
reinforcing fillers and non-reinforcing fillers. 
Reinforcing fillers serves to boost the 
mechanical properties. In addition, they bring 
about enhanced properties that meet targeted 
end uses. On the other hand, non-reinforcing 
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fillers are used mostly as extenders with the 
purpose of bringing down the cost of the end 
rubber articles. Typical examples of non- 
reinforcing fillers include: carbonates, silicates 
and different clays (kaolin) [1]. The most 
commonly employed reinforcing filler employed 
in rubber related industrial applications is 
carbon black (CB). On the other hand, CB 
possesses certain drawbacks such as its non- 
renewable nature or origin, pollution, toxicity 
and black colored nature which often leads to 
contamination. Therefore, there is ongoing 
research aimed at partial or full substitution of 
CB with viable choices [1, 10, 11]. 

Moreover, infusion of fillers into elastomeric 
matrices permits the adjustment of the 
mechanical and _ structural properties of 
resultant composites, as well as their electrical 
properties [11]. Addition of metal oxides like 
aluminum oxide (Al203), titanium dioxide (TiOz) 
and silicon oxide (SiOz) as fillers in polymeric 
matrices can yield simultaneous boost in 
mechanical and electrical properties among 
other desired properties [3,12,8]. Recently, iron 
oxides such as a-Fe203 and magnetite (Fe30.) 
have attracted lots of attention in coming up 
with novel materials. This is due to their 
interesting electrical and magnetic 
characteristics, among other characteristics [13, 
24]. Of all iron oxides, a-Fe203 also called ferric 
oxide (FO) is the most stable. It possesses 
interesting properties like electrical semi- 
conductivity (106 S/cm), ferrimagnetic 
properties, high corrosion resistance and low 
cost. Owing to the afore mentioned properties, 
it has found applications in producing catalysts, 
gas sensors, pigments, anti-corrosive agents, 
magnetic recording media, and lithium ion 
batteries with great scientific and technical 
importance [15,16,17]. 

The objective of this study is to study some 
mechanical and electrical properties of NR 
composites loaded with naturally occurring a- 
Fe20s3 filler particles. This is aimed at coming up 
with alternative NR-based articles for outdoor, 
electrical and other industrial usage. 


2.0 MATERIAL AND METHODS 

2.1 Materials 

NR latex was obtained from Rubber Research 
Institute of Nigeria (RRIN), Benin City, Edo 
State. Zinc oxide (ZnO), stearic acid, sulphur, 
mecarptobenzothiazole (MBT) and 1,2-dihydro- 
2,2,4-trimethylquinoline (TMQ), were 
purchased from Stevemoore Chemical Co. Zaria, 
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Kaduna State, Nigeria. Hematite (a-Fe203) was 
obtained from natural deposits domiciled in 
Katsina State, Nigeria and crushed to particle 
size of 10 wm. The constituents were 
compounded and subsequently processed into 
final composite shapes at Polymer Recycling 
Workshop, Nigerian Institute of Leather and 
Science Technology, Zaria. 


Table 1: Material Composition 


NR/a-Fe203 100/3, 100/5, 100/7 
Zinc Oxide (ZnO) 5.0 
Sulphur 2.0 
Stearic Acid 2.0 
MBT 1.5 
TMQ 1.0 


2.2 Preparation of NR/a-Fe203 Composites 
The composites were compounded using two 
roll mill in accordance with ASTM D15-627 
standard. The method was as follows. NR was 
introduced into the two roll mill and allowed to 
melt 2 minutes. After that, the additives were 
added and allowed to blend for 3 minutes. Later 
on, a-Fe203 particles were infused and allowed 
to mix for 3 minutes. Finally, sulphur was 
introduced and the resultant mixture was 
allowed to mix for 3 minutes. The resultant 
mixture was transferred into a mould of 3mm 
thickness and subsequently compressed into its 
final shape by the aid of a compression 
moulding machine at a 140°C temperature and 
4MPa pressure, for about 7 minutes. 


2.3 Mechanical Properties Test 


Tensile and flexural properties of the composite 
were determined using Instron Universal 
Testing Machine (System ID No. 3369K1781) 
having a capacity of 50KN. Evaluation of the 
tensile properties was done in line with ASTM 
D638. On the other hand, the samples’ flexural 
properties were investigated in accordance with 
ASTM D7264/ASTM D7264M-07. 


2.4 Electrical Conductivity Test 


Electrical conductivity of the produced 
composite samples was measured by the use of 
two-point technique and in line with ASTM 
D257-07. A DC voltage source applied a voltage 
of about of 24V across each sample under 
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measurement, causing a current (I) to flow 
through each sample. The resistance (R) was 
determined by a multi metre capable of 
measuring high resistances. The volume 
resistivity (p) of the each composite sample 
expressed in Qcm, was achieved by measuring 
the resistance and dimensions of the sample of 
length (1), height (h), and width (w) using the 
equation (Heaney, 2004): 


Rwh 
p=—- 


The electrical conductivity (o) of the samples 
expressed in S/cm was achieved by the 
equation (Heaney, 2004): 

1 


c= (2) 


2.5 Mineralogical Analysis of a-Fe203 
Particles 

The mineralogical analysis of the filler particles 
was done with EDX-720 X-ray Fluorescence 
(XRF) spectrometer. 


2.6 Morphological Analysis of NR/a-Fe203 
Composites 
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Characterization of NR/a-Fe203 composite 
samples was carried out using Fourier 
Transform Infrared (FTIR) Spectroscopy using 
Shimadzu FTIR-8400S machine. The dispersion 
of the filler particles within the NR matrix was 
studied using Carl Zeiss Scanning Electron 
Microscopy (SEM), Model EVO LS10. 


3.0 RESULTS AND DISCUSSION 
3.1 Mechanical Property Result 


(i) Tensile strength 

As revealed by Figure 1, unfilled NR displayed 
the least tensile strength. This was occasioned 
by the absence of any kind of reinforcement in 
the matrix [18]. In addition, the aforementioned 
figure shows that increase in filler composition 
contributed to increase in tensile strength of the 
composites. This is because a-Fe203 filler 
particles added into the matrix system 
performed the role of stress concentrators or 
reinforcements. Consequently, this led to 
efficient transfer of stress from NR matrix to the 
filler particles [19]. In addition, a-Fe203 just like 
every other ferrite confers considerable level of 
reinforcement to resultant composites [20, 9]. 
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Fig. 1 Graph of tensile strength of NR/a-Fe20O3 composites 


(ii) Tensile Modulus 

Tensile modulus of each sample is illustrated by 
Figure 2. It can be observed that when 
compared with tensile modulus of NR sample 
(control), appreciation in filler particle content 
led to improvement in tensile modulus of the 
composites. This is because integration of filler 
particles into rubber matrices brought about 
enhancement in __ stiffness of resultant 
composites upon the application of a load [6, 


11]. Also, a-Fe203 particles present in the matrix 
confers improved resistance to penetration 
therefore greater stiffness was achieved [21] 


(iii) Elongation at break 

Elongation at break of the samples is described 
by Figure 3. It can be noted that infusion of 
increasing amounts of filler particles made for 
depreciation of elongation at break of the 
samples. This was brought about by availability 
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of the filler particles within the elastomer. As a 
result, there occurred a limitation of the 


0.6 
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0.2 
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Tensile Strength (MPa) 
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elastomer’s chain movement which lowers the 
elasticity [10,9]. 
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Fig. 2: Graph of tensile modulus of NR/a-Fe203 composites 
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Fig.3. Graph of elongation at break of NR/a-Fe203 composites 


(iv) Flexural Strength 


Flexural strength of each composite is displayed 
by Figure 4. When compared with the flexural 
strength of the control sample (NR), the flexural 
strength of the composites increased with 
increase in filler content. This is attributed to 
the increasing bonding of the filler particles to 
the NR matrix, as the amount of filler increased 
[18, 19]. 


(v) Flexural Modulus 


The flexural modulus of the composites is 
illustrated by Figure 5. It can be observed that 
in a like manner to flexural strength of the 
samples. In comparison with unfilled NR 
(control), improvement in flexural modulus of 
the composite samples was occasioned by rise 
in filler loading. As earlier stated, this situation 
is ascribed to the expanding matrix-filler 
cohesion as the amount of filler increased [22, 
7]. 
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Fig. 4 Graph of flexural strength of NR/a-Fe203 composites 
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Fig. 5 Graph of flexural modulus of NR/a-Fe203 composites 


3.2 ELECTRICAL PROPERTY RESULTS 
(i) Electrical Conductivity 


Fig. 3.6 displays the results obtained from 
measurement of electrical conductivity of the 
composites. It is shown that increase in a-Fe203 
filler content caused an increase in the electrical 
conductivity of the composites. This was 
occasioned by decrease between the filler 
particles inside the NR matrix, upon addition of 
increasing filler amount. Consequently, this 
brought about formation of conductive 
pathways for the charge carriers in the filler 


particles [14]. On the other hand, infusion of a- 
Fe203 only brought about marginal increase in 
the insulation properties, hence, the composites 
displayed conductivities typical of electrical 
insulators (between 10-1%and 10-2°S/cm) [23,4]. 
This occurrence was due attributed to the 
varying amounts of filler particles incorporated 
were not up to the amount required to bring 
about the formation of a continuous and 
conductive filler network within the NR matrix 
[10, 11]. Consequently, any sort of contribution 
to electrical conductivity was due to hopping of 
charge carriers between conductive sites [1]. 
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Fig. 6: Graph of electrical conductivity of NR/a-Fe203 composites 
3.3 X-ray Fluorescence (XRF) Result naturally, a-Fe203 does not occur in isolation. It 
possesses impurities which are oxides of other 
metals [5, 1]. Finally, it can be noted from the 
aforementioned table that the other oxides 


XRF analysis result of the mineralogical 
composition of filler samples is presented in 


Table 2 The result show that a-Fe203 is the 
dominant oxide present in the filler sample. As 
further depicted by Table 2, other oxides are 
contained in the filler particles. This is because 
just like all other mineral which occurs 


present were of insignificant amounts when 
compared to the amount of a-Fe203 present in 
the filler sample. Hence this filler sample is a 
high grade a-Fe203 [14]. 


Table 2: Mineralogical composition of filler sample 


3.4 SEM Morphological Analysis of 
Composites 


Figure 7(a) displays the SEM image of unfilled 
NR (control). In addition Figure 7(b) reveals the 
SEM image of sample NR/FO7. Here, a-Fe203 
filler particles acting as reinforcement appear as 
white spots inside the NR matrix [12]. This 


Haematite (Fe203) : 

Copper (II) oxide (CuO) 1.768 

Titanium dioxide (TiOz) 7.027 

Nickel dioxide (NiO) 0.147 

Vanadium pentoxide (V20s) 0.331 

Potassium oxide (K20) 0.082 

Silicon oxide (SiOz) 34.289 

Manganese (IJ) oxide (MnO) 0.382 

Niobium monoxide (NbO) 0.074 

Lead monoxide (PbO) 0.053 
improved the _ investigated mechanical 
properties of the produced composites. 


Furthermore as depicted by Fig. 7(b), some 
filler particles were close to each other. This 
created some measure of conduction pathway 
for the charge carriers to flow. Hence this 
resulted in improvement in _ electrical 
conductivity of the samples [7,24]. 
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Fig.7 SEM image of (a) NR 
CONCLUSION 


Composites containing 7g of a-Fe203 showed 
the best tensile, flexural and _ electrical 
properties. Hence, from the foregoing, it is 
observed that naturally occurring a-Fe203 
obtained in Nigeria can find application as 
alternative filler material in NR-based 
composites. In addition, owing to the 
semiconducting property of a-Fe203, its 
presence brought about a marginal step up in 
the electrical conductivity of the composites. 
However, due to the amount of filler added, the 
composites are within the range of insulators. 


ACKNOWLEDGMENT 

The contributions of Department of Polymer 
and Textile Engineering, Federal University of 
Technology Owerri Imo State and Polymer 
Recycling Workshop, Nigerian Institute of 
Leather and Science Technology, Zaria towards 
completion of this work are _ highly 
acknowledged. 


REFERENCES 


[1] Yamada H, Manas-Zloczower I, Facke D.L, 
1998, The influence of matrix viscosity 
and_ interfacial properties on _ the 
dispersion kinetics of carbon black 
agglomerates. Rubb. Chem. Technol. 71:1- 
16. 

[2] Asuke F, Bello K.A, Muzzammil M.A, 
Thomas .D.G, Auwal .K and Yaro .S.A, 


E-ISSN: 2349 5359; P-ISSN: 2454-9967 


[3] 


[4] 


[5] 


[6] 


[7] 


10 ym EHT= 20.00 kV 
WO= 125 mm 


Signal A= SE? 
Photo No, = 2823 


Date ‘6 Aug 2020 
Time :12:30:28 


(b) NR filled with 7g of a-Fe203 


2019, Chemical and _ Mineralogical 
Characterization of Gidan Jaja Iron Ore, 
Zamfara State, Nigeria, Nigerian Journal of 
Technology, 38 (1)93-98. 

Chatterjee, A and Islam. M.S, 2008, 
Fabrication and Characterization of TiOz 
Epoxy Nanocomposite, Materials Science 
and Engineering: A, 487 (1-2)574-585. 
Wetzel .B, Rosso .P, Haupert .F and 
Friedrich.K, | Epoxy Nanocomposites 
Fracture and Toughening Mechanisms, 
2006, Engineering Fracture Mechanics, 73 
(16), 2375-2398. 

Belgin, E.E and Aycik .G.A. 2017, Effect Of 
Particle Sizes Effect of Particle Size of 
Mineral Fillers On  Polymer-Matrix 
Composite Shielding Materials Against 


Ionizing Electromagnetic Radiation, 
Journal of Radioanalytical and Nuclear 
Chemistry, 


Ahmed K, Nizami S.S, Raza N.Z and 
Mahmood K.2012. Mechanical, swelling, 
and thermal aging properties of marble 
sludge-natural rubber composites, 
International Journal of Industrial 
Chemistry, 3:21. 

Kruzelak, J.; Kvasnicakova, A.; Hlozekova, 
K.; Plavec, R.; Dosoudil, R.; Goralik, M, 
Viléakova, J. Hudec, I. Mechanical, 
Thermal, Electrical Characteristics and 
EMI Absorption Shielding Effectiveness of 
Rubber Composites Based on Ferrite and 
Carbon Fillers. Polymers 2021, 13, 2937. 


Franklin Anaele Opara et al, 


www.mahendrapublications.com 


International Journal of Advanced Science and Engi 


Int. J. Adv. Sci. Eng. Vol.10 No.1 3178-3185 (2023) 3185 


[8] 


[9] 


[10] 


[11] 


[12] 


[13] 


[14] 


[15] 


Thomas, S.; Stephen, R., 2010, Rubber 
Nanocomposites: Preparation, Properties, 
and Applications; John Wiley & Sons: 
Singapore. 

Rahimi, A. and Mashak, A., (2013), Review 
on rubbers in medicine: natural, silicone 
and polyurethane rubbers, Plast., Rubber 
Compos., 42, 223-230. 

Prabhahar M.J, Singh J.S and Prakash 
A.V.R, 2020, Role of Magnetite (Fe30.)- 
Titania (TiOz) hybrid particle’ on 
mechanical, thermal and microwave 
attenuation behaviour of flexible natural 
rubber composite in X and Ku _ band 
frequencies, Mater. Res. Express 7, 
016106, 165-173. 

Ram .R, Rahaman .M, Aldalbahi .A and 
Khastgir .D, 2017, Determination of 
percolation threshold and_ electrical 
conductivity of polyvinylidine fluoride 
(PVDF)/short carbon fibre (SCF) 
composite: effect of SCF aspect ratio, 
Polymer International, 66 (4), 573-582. 
Chen J, Xu.L, Li .W and Gou .X, 2005, a- 
Fe203 Nanotubes in Gas Sensor and 
Lithium-Ion Battery Applications, 
Advanced Materials, 17(582) Garzon .A.O, 
Landinez .D.A, Rao-Rojas, Fajardo-Tolosa 
.F.E, Pefia-Rodriguez .G and Parra-Vargas 
.C.A, 2017, Production and Structural, 
Electrical and Magnetic Characterization 
of a Composite Material Based on 
Powdered Magnetite and High Density 
Polyethylene, Rev. Acad. Colombia Ex. 
Fiscas Nat., 41(159), 154-167. 

Kruzelak J, Hudec I and Dosoudil R, 
Magnetic composites based on butadiene 
rubber and strontium ferrites. MOJ Poly 
Sci. 2017;1(5):161-167. 

Wang MJ, 1998, Effect of polymer-filler 
and filler-filler interactions on dynamic 
properties of filled vulcanizates, Rubber 
Chem. Technol., 71(3): 520-88. 

Liu .Z, Peng .W, Zare .Y, Hui .D and Rhee 
.K.Y, 2018. Predicting the Electrical 
Conductivity in Polymer Carbon Nanotube 
Nanocomposites Based on Volume 
Fractions and _  Resistances of the 
Nanoparticle, Interphase, and Tunnelling 
Regions in Conductive Networks, Royal 
Society of Chemistry, 8, 19001-19010. 


[16] 


[17] 


[18] 


[19] 


[20] 


[21] 


[22] 


[23] 


[24] 


E-ISSN: 2349 5359; P-ISSN: 2454-9967 


Inbakumar P and Ramesh S. 2018, 
Mechanical, wear and thermal behaviour 
of hemp  fibre/egg shell particle 
reinforced epoxy resin bio composite 
Trans. Can. Soc. Mech. Eng. 42 280-5 
Rahaman .M, Ghufais .I.A.A, Periyasami .G 
and Aldalbahi .A, 2020, Recycling and 
Reusing Polyethylene Waste as Antistatic 
and Electromagnetic Interference 
Shielding Materials, International Journal 
of Polymer Science, 1-15. 

Salaeh .S and Nakason .C, 2012, Influence 
of modified natural rubber and structure 
of carbon black on properties of natural 
rubber compounds. Polym Compos 
33:489-500. 

Kruzelak J, Sykora R, Dosoudil R and 
Hudec I, 2016, Rubber Composites Based 
on Polar Elastomers with Incorporated 
Modified and Unmodified Magnetic Filler, 
Advances in Materials Science and 
Engineering Volume 2016, Article ID 
7242891. 

Kausar .A and Taherian .R, 2019, 
Electrical Conductivity in Polymer-Based 
Composites: Experiments, Modelling and 
Applications, Plastic Design Library, 19- 
40. 

Mahrholz .T, Stangle J and Sinapius .M, 
2009, Quantitation of The Reinforcement 
Effect of Silica Nanoparticles in Epoxy 
Resins Used in Liquid Composite 
Moulding Processes, Composites Part A: 
Applied Science and Manufacturing, 
40(3), 235-243. 

Gerspacher M, Nikiei H, Yang H, O'Farrll 
CP. 1998, Reflectometry—a new method 
of measuring filler dispersion. Rubb Chem 
Technol 71:17-25. 

Salawu .A.0O, 2015, Characterization of 
Gujeni Ironore Deposits, Kaduna State, 
Nigeria, Dept. of Metallurgical and 
Materials Eng., Ahmadu Bello Univeristy, 
Zaria, M.Sc Thesis, Unpublished. 

Chauhan .V.R, Dinesh .K.R, Veresh .K, 
Reedy .G.J, Algur .V, and Venkattesh, 2015, 
Fabrication and Evaluation of Mechanical 
Properties of Fe203 Particulate Filled 
Hybrid Composites, International Journal 
of Research, 12 (7)167-171. 


All © 2023 are reserved by International Journal of Advanced Science and Engineering. This Journal is licensed under 
a Creative Commons Attribution-Non Commercial-ShareAlike 3.0 Unported License. 


Franklin Anaele Opara et al, 


International Journal of Advanced Science and En: 


ineering 


www.mahendrapublications.com 


